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ABSTRACT
We continue the study of the first sample of shear-selected clusters (Wittman et al. 2006) from the
initial 8.6 square degrees of the Deep Lens Survey (DLS, Wittman et al. 2002); a sample with well-
defined selection criteria corresponding to the highest ranked shear peaks in the survey area. We
aim to characterize the weak lensing selection by examining the sample’s X-ray properties. There are
multiple X-ray clusters associated with nearly all the shear peaks: 14 X-ray clusters corresponding to
seven DLS shear peaks. An additional three X-ray clusters cannot be definitively associated with shear
peaks, mainly due to large positional offsets between the X-ray centroid and the shear peak. Here we
report on the XMM-Newton properties of the 17 X-ray clusters. The X-ray clusters display a wide
range of luminosities and temperatures; the LX − TX relation we determine for the shear-associated
X-ray clusters is consistent with X-ray cluster samples selected without regard to dynamical state,
while it is inconsistent with self-similarity. For a subset of the sample, we measure X-ray masses
using temperature as a proxy, and compare to weak lensing masses determined by the DLS team
(Abate et al. 2009; Wittman et al. 2014). The resulting mass comparison is consistent with equality.
The X-ray and weak lensing masses show considerable intrinsic scatter (∼ 48%), which is consistent
with X-ray selected samples when their X-ray and weak lensing masses are independently determined.
1. INTRODUCTION
Clusters of galaxies are a sensitive probe of cosmology
(e.g., Allen et al. 2001). They have been widely ob-
served through the baryonic signatures of their galaxies
or intracluster gas. The cosmologically relevant quantity,
cluster mass, is dominated by a non-baryonic component,
dark matter, at a ratio of approximately 5 :1. The total
cluster mass, when inferred from baryonic components, is
limited in accuracy by required assumptions (e.g., hydro-
static equilibrium for the gas and virial equilibrium for
the galaxy velocity distribution). Typically, small, well-
studied cluster samples are used to calibrate scaling laws
for the total mass and specific mass observables (e.g., gas
temperature, velocity dispersion) that can then be ap-
plied to less well-studied systems. Total cluster mass can
also be measured using the statistical distortion of back-
ground galaxies by gravitational lensing (weak lensing),
which is directly sensitive to the mass without a depen-
dence on the properties of the baryonic cluster compo-
nents. Understanding the relationship between multiple
mass proxies to arrive at a better estimate for cluster
mass is required in order to use clusters to constrain the
growth of structure in the Universe.
The power of finding clusters directly through the fun-
damental cosmological quantity, the cluster mass, was
recognized by early weak lensing studies (Tyson et al.
1990; Kaiser 1992). Weak lensing selects solely on the
projected mass along a line of sight and is largely inde-
pendent of physical processes that can affect our obser-
vations of the baryonic components (e.g., mergers). A
2large number of individual clusters have been studied
in shear, but there have been fewer studies of shear-
selected clusters (Wittman et al. 2006; Miyazaki et al.
2007; Gavazzi & Soucail 2007; Schirmer et al. 2007;
Miyazaki et al. 2015). The first set of clusters selected in
shear was published by Wittman et al. (2006) from the
Deep Lens Survey (hereafter DLS; Wittman et al. 2002).
Although there have been numerous weak lensing
follow-up studies of X-ray or optically selected samples,
follow-up efforts that focus on characterizing the prop-
erties of weak lensing selected clusters are few in the
literature (e.g., Giles et al. 2015, 9 clusters). Our work
with the DLS falls in this latter camp.
We continue the study of the shear-selected clusters
discovered in Wittman et al. (2006). These are 7 of the
8 highest ranked shear peaks in the first 8.6 deg2 of the
20 deg2 DLS. The top ranked shear peak among them
corresponds to the previously known complex of clusters
associated with Abell 781. This complex has been pre-
viously studied in detail, both in X-rays and in weak
lensing with emphasis on mass comparison (Sehgal et al.
2008; Wittman et al. 2014). The fifth ranked shear peak
was deemed to be a line of sight projection, while the
remaining 6 have all been confirmed as clusters. The
majority of the shear peaks show multiple X-ray and op-
tical (in the DLS) counterparts (Wittman et al. 2006).
The initial follow-up to confirm the shear peaks as clus-
ters was conducted by Wittman et al. (2006), using low
exposure Chandra imaging. We have since been awarded
XMM-Newton data, with which we can learn more by ex-
amining the sample in some of the best studied (and low
scatter) X-ray properties: LX , the X-ray luminosity, and
TX , the X-ray temperature (e.g., Vikhlinin et al. 2009;
Pratt et al. 2009; Mantz et al. 2010). We can examine
them as mass proxies (Ettori 2013) and study their be-
havior along X-ray scaling laws (e.g., Pratt et al. 2009;
Maughan et al. 2012; Mahdavi et al. 2013), which are
typically low in scatter and drawn from self-generated
properties.
In this study we determine X-ray temperatures, lumi-
nosities, and masses. Our sample covers the same survey
area as Wittman et al. (2006), hereafter W06, but goes
further into the distribution of shear, adding three more
peaks. Some of the DLS fields in our study (in particular
F2) have previously been examined, in part or in entirety,
by other studies (Kubo et al. 2009; Utsumi et al. 2014;
Miyazaki et al. 2015; Geller et al. 2010; Starikova et al.
2014; Ascaso et al. 2014); we discuss them in the con-
text of our own work in section §2.2 below. Our study
includes DLS fields F2-F5, encompassing a larger survey
area than these other studies. We focus on the X-ray
properties of the sample, showing the LX − TX relation
for the first time and comparing it to X-ray selected clus-
ter samples. We obtain X-ray mass estimates using tem-
Table 1: XMM-Newton observations.
No. Name OBS IDS Duration Exposure
(s) (s)
PN 〈MOS〉 PN 〈MOS〉
1. DLSCL J0920.1+3029 0150620201(a) 13230 16173 11709 14466
0401170101 68695 78230 52107 67687
2. DLSCL J0522.2−4820 0303820101 34700 41572 8943 24265
3. DLSCL J1049.6−0417 (b) · · · · · · · · · · · ·
4. DLSCL J1054.1−0549 0552860101 51128 53208 29092 36667
5. DLSCL J1402.2−1028 (b) · · · · · · · · · · · ·
6. DLSCL J1402.0−1019 (b) · · · · · · · · · · · ·
7. DLSCL J0916.0+2931 0303820301 39937 41572 16982 23393
8. DLSCL J1055.2−0503 0303820201 34933 36572 28309 30876
Averages:- 40437 44544 24254 32892
Beyond the initial Wittman et al. (2006) publication:
B9. DLSCL J1048.5−0411 0150620901 12036 13672 10167 12310
B10. DLSCL J0921.4+3013 0150620101 11268 15781 8936 13000
B11. DLSCL J0916.3+3025 0152060301 11605 10239 8605 9142
Averages:- 11636 13231 9236 11484
Note—Column (1) gives the DLS candidate number from
W06, or designations beginning with the letter B that we as-
sign here to the beyond subset. ‘Duration’ reports the total
telescope on-time. ‘Exposure’ shows the total exposure after
background flare filtering. ‘〈MOS〉’ gives the average value
from the two mos cameras. An (a) indicates the observation
is analyzed in Sehgal et al. (2008). A (b) indicates there is no
corresponding XMM-Newton data; initial Chandra follow-up
(W06) found no X-ray counterpart to peak 5, and found very
low signal-to-noise X-rays corresponding to shear peaks 3 and
6.
perature as a proxy which we compare to weak lensing
masses determined by the DLS team (Abate et al. 2009;
Wittman et al. 2014).
This paper is organized as follows. The X-ray data, its
analysis and the cluster properties are discussed in sec-
tion 2. The luminosity-temperature relation is presented
in §2.5. The X-ray mass estimates and comparison to
weak lensing are discussed in section 3. We conclude with
a summary in §4. Throughout this paper we use H0 = 70
km s−1Mpc−1, h = H0/(100 km s
−1Mpc−1), ΩΛ = 0.7
and Ωm,0 = 0.3, E(z) =
√
(Ωm,0(1 + z)3 +ΩΛ), and re-
port all uncertainties at the 1σ confidence level.
2. THE SAMPLE, X-RAY DATA, & ANALYSIS
The DLS is described in more detail in W06. Briefly,
it is a 20 deg2 BV Rz′ survey that is 50% complete at
R = 25.8 (Vega), its deepest band. This places it in-
termediate to the CFHTLS-Wide6 and CFHTLS-Deep6
surveys in terms of both area and depth. Imaging in the
R band was done during periods of good seeing (FWHM
≤ 0.9′′), in an attempt to provide uniform good seeing
in one band. The FWHM of the point-spread-function
(PSF) on the R band stacked images is 0.90′′ or better
over most of the area, but ranges from 0.76′′ to 1.11′′. In
6 Canada-France-Hawaii Telescope Legacy Survey’s Deep and
Wide fields: http://www.cfht.hawaii.edu/Science/CFHLS/
cfhtlsdeepwidefields.html
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the other bands, the FWHM of the stacked-image PSF
ranges from 0.9′′ to 1.2′′. The R band was used for source
detection and shape measurement, and the other bands
were used for photometric redshifts. At the time of the
shear selection performed byW06, however, only 8.6 deg2
of R band imaging were available, with even less cover-
age in the other filters. W06 therefore used an R band
source selection (23 < R < 25) over 8.6 deg2. They
measured source shapes using adaptive second moments
(Bernstein & Jarvis 2002), and convolved the shear field
with a Fischer & Tyson (1997) kernel (inner cutoff 4.25′,
outer cutoff 50′) to obtain convergence maps. The can-
didates were selected by their shear ranking and to be
withing 5′ of the survey edge. The detection signifi-
cance of the lowest ranked shear peaks is 3.7σ (see W06,
and references within).
Our shear-selected sample comes from the XMM-
Newton follow-up of DLS shear peaks. We discuss the
X-ray observations of eight shear peaks in total. Five
of them are highly ranked in shear and corresponded to
X-ray clusters that had enough signal-to-noise in early
Chandra follow-up (W06) to be awarded deep XMM-
Newton observations to determine X-ray properties. We
add three more DLS shear peaks that go lower into
the distribution of shear than went the 2006 publica-
tion; these were awarded shallower XMM-Newton obser-
vations to confirm as clusters. The XMM-Newton ob-
servations (PI: J. P. Hughes) are listed in Table 1 with
their observation identifiers (obsIDs) and exposures. Our
follow-up naturally divides here into two subsets, as the
five shear peaks from the 2006 paper, hereafter referred
to as the original subset, are observed at greater depth
in the X-ray (〈texp〉 = 22ks) than the remaining three
(〈texp〉 = 10ks), hereafter called the beyond subset. For
these two subsets we determine the X-ray properties, and
for the beyond subset, we additionally report the associ-
ation of the X-ray clusters to the shear peaks.
Nearly every shear peak has associated with it more
than one X-ray cluster, a likely consequence of the high
degree of smoothing in the DLS shear maps. Some of
the clusters that are farther from the shear peaks are
detected at lower significance in the X-ray and so we
cannot determine the full set of X-ray properties for all of
them. For clarity, we include a diagram in Figure 1 which
shows how the X-ray clusters belonging to the original
and beyond subsets subdivide according to the properties
we are able to determine for them. Also referenced, in
the diagram, are serendipitous X-ray clusters that we
find in the observations; these are clusters that could
not be confidently associated to the shear peaks. We
describe, next, our identification and detection of the X-
ray clusters, beginning with the imaging required to do
so.
Figure 1: Subdivision of our shear-selected clusters by X-ray
properties. Grey shaded boxes at the top differentiate the work
completed in W06. Yellow shading in the lower left branch high-
lights the information that results in our mass comparison (§3.3,
Figure 4). Subdividing categories for individual clusters are given
in Table 2. A09 in the yellow branch refers to Abate et al. (2009)
† See caption in Table 1.
2.1. Imaging
We generated images in the soft 0.5-2.0 keV
band using XMM-Newton data products available
through the XMM-Newton Pipeline Processing System
(XMM−PPS ). In particular, we co-added the 0.5-1.0 keV
and 1.0-2.0 keV band images, background maps, and
exposure maps respectively, and from all three cam-
eras to create a single background-subtracted, exposure-
corrected image per observation. When relevant, we co-
added our 0.5-2.0 keV images from multiple observations
(obsIDs) resulting in one soft-band X-ray image per DLS
shear peak. X-ray counterparts were identified on these
images, and they were also used to specify regions for
spectral extraction. These processing steps are described
in the following sections.
2.2. Source Detection
We recover XMM-Newton emission from nearly all of
the X-ray clusters that were identified in W06 and were
associated to the DLS shear peaks. See Table 2 for a list.
Two of these could not be included in our analysis due to
contamination of their X-ray signal. The central counter-
part to DLSCL 0916.3+2931, CXOU J091554+293316,
is heavily confused with a known point source (in the
wings of the XMM-Newton point-spread-function, see
Figure 2). The emission of the subcluster of Abell 781
(CXOU J092011+302954, W06; Sehgal et al. 2008), is
confused with the main cluster’s emission with which it
is likely merging. Excluding these two, the detection
properties of the remaining recovered sources are given
4Table 2: X-ray clusters in the XMM-Newton observations of DLS shear peaks.
No. Name X-ray ID Region Rate Signi- Subdivision by properties
′(kpc) (10−3cts s−1) ficance (7) (8) (9) (10) (11)
1. DLSCL J0920.1+3029(a) CXOU J092026+302938 3.85(1034) 857± 4 197 X X X X X
CXOU J092053+302800 2.57(672) 164± 2 74 X X X X X
CXOU J092110+302751 2.27(761) 53± 2 33 X X X X X
CXOU J092011+302954(b) · · · · · · · · · no no no no no
XMMU J091935+303155 2.17(728) 116± 2 62 X X X X X
2. DLSCL J0522.2−4820 CXOU J052215−481816 2.19(580) 443± 9 47 X X X X X
CXOU J052159−481606 1.60(424) 87± 6 15 X X X no no
CXOU J052147−482124 0.67(177) 3.9± 1.4 3 X X X no no
CXOU J052246−481804 1.17(241) 20± 3 7 no X no no no
4. DLSCL J1054.1−0549 CXOU J105414−054849 1.25(238) 32± 1 23 X X X X X
7. DLSCL J0916.0+2931 CXOU J091551+293637 1.30(491) 17± 1 12 X X X no no
CXOU J091601+292750 1.08(408) 37± 2 22 X X X X X
CXOU J091554+293316(c) · · · · · · · · · no no no no no
8. DLSCL J1055.2−0503 CXOU J105535−045930 1.00(404) 23± 1 20 X X X X X
CXOU J105510−050414 1.26(534) 28± 1 22 X X X no no
Beyond the initial Wittman et al. (2006) publication:
B9. DLSCL J1048.5−0411 (B9a) XMMU J104817−041233 2.10(488) 77± 3 22 X X X X no
(B9b) XMMU J104806−041411 0.83(222) 17± 2 11 no X no no no
B10. DLSCL J0921.4+3013 (B10a) XMMU J092124+301324 0.60(n/a) 5.0± 1.6 3 no no no no no
(B10b) XMMU J092118+301156 0.66(n/a) 4.4± 1.9 2.4 no no no no no
(B10c) XMMU J092102+300530 0.88(332) 15± 2 10 no X no no no
B11. DLSCL J0916.3+3025 (B11a) XMMU J091607+302724 1.17(486) 21± 2 10 X X no(d) no no
Totals: 14 17 13 9 8
Note—The beyond subset parenthetical labels are referenced in §2.2. A (n/a) placed where no physical radius can be determined
due to lack of redshift. Column (7) marks the X-ray clusters that can be confidently associated to DLS shear peaks (§2.2).
Column (8) marks clusters with sufficient statistics to constrain LX or TX (see Table 3 and §2.4). Column (9) marks the clusters
included in the LX −TX fit. Column (10) marks the clusters for which an X-ray mass could be determined (§3.1). Column (11)
marks the clusters with both X-ray and weak lensing masses (§3.2).
(a) This shear peak is coincident with Abell 781, which W06 showed to be a complex of resolved individual clusters.
(b) Subcluster of the main cluster of Abell 781 (Sehgal et al. 2008); emission is confused with the main component.
(c) Central of three X-ray counterparts to DLSCL J0916.0+2931; emission is heavily confused with a known point source.
(d) Not included in fit because TX could not be constrained (see Table 3).
in Table 2, several of which are imaged in Figure 2.
For the three beyond subset shear peaks, we identify
potential X-ray counterparts by using the XMM−PPS.
On the raw data with updated calibration, we re-run the
XMM-Newton pipeline which performs its own wavelet
decomposition-based source detection. The resulting
source list is a combined list from source detection per-
formed in multiple bands (soft, and hard) from each cam-
era. We verify the extended sources from this list by eye
on our soft band images and list them in Table 2 as poten-
tial counterparts along with their detection properties.
In the rest of this section we discuss the association of
these potential X-ray counterparts to the beyond subset
shear peaks, referencing any available optical informa-
tion (from the DLS, or elsewhere). The shear peaks in
this subset were identified in early work with the DLS
(around 2002) and we targeted them for XMM-Newton
observation; however, they did not make the cut for in-
clusion in W06. The most significant X-ray detection in
the beyond subset is associated with DLSCL J1048.5-
0411, which is previously unpublished; we discuss its
association in the next paragraph. The remaining two
beyond subset shear peaks have appeared previously in
the literature: they are located in DLS field F2, which
has been repeatedly studied with new observations in
different wave-bands and new weak lensing analyses. We
include these in the context of associating the shear to
the X-rays further below.
Near shear peak DLSCL J1048.5-0411 of the beyond
subset, there are two extended X-ray sources detected at
high significance, located ∼ 3.5′ (B9a) and ∼ 7′ (B9b)
away toward the southwest of the DLS position (see the
DLSCL J1048.5−0411 panel of Fig. 2). The emission
of the former (nearby) X-ray source lies in an extended
high shear region which supports their likely association
despite the large offset between the peaks. Visual in-
spection of the DLS data reveals an optical cluster with
a brightest cluster galaxy (BCG) that is well centered on
the X-ray peak. We obtained redshifts of galaxies near
this BCG as part of the campaign described in W06. We
observed the cluster with the Low-Resolution Imaging
Spectrograph (Oke et al. 1995) on the Keck I telescope
in April of 2005 and obtained secure redshifts of sixteen
galaxies. We found eleven galaxies to be likely members,
with a mean redshift of 0.2463±0.0006. The X-ray emis-
sion of this nearby source fits well to a model of thermal
cluster emission at this redshift (see Table 3).
For the second X-ray source, ∼ 7′ from the shear peak,
the optical association in the DLS is less clear. A bright,
extended, elliptical galaxy rests close to the X-ray posi-
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Figure 2: XMM-Newton images of significant X-ray clusters (labeled within each panel) associated with DLS shear peaks (labels above
each panel). Panels within a framing box show clusters associated with a single shear peak. Contour levels were chosen to be at or greater
than 1.5 x background level, with an even spacing chosen to show between 3-5 contours per cluster. The top panel shows the clusters in
shear peak #1, the middle row shows shear peaks #2 (left and middle) and #4 (right), and the bottom row shows shear peak #7. In the
bottom left panel for cluster CXOU J091551+293637, the prominent object in the bottom of the panel is the point source that confuses
emission of the central counterpart to DLSCL J0916.0+2931. This figure continues on the next page.
tion, and is a good candidate for the BCG. The X-rays fit
well to the emission model of a cluster at the photometric
redshift of this galaxy, zph = 0.3. There are few associ-
ated galaxies however, and so without more members,
spectroscopy would be required to confidently associate
this X-ray cluster with either its neighboring cluster (the
nearby cluster above). So we do not confidently associate
this cluster with the shear peak.
The remaining beyond subset shear peaks have been
previously reported in the literature as weak lensing de-
tections. DLSCL J0921.4+3013 was reported at a signif-
icance of 5.4 in the weak lensing reconstruction of DLS
field F2 performed by Kubo et al. (2009). It does not
appear, however, in the recent weak lensing analysis of
Subaru Hyper Suprime-Cam (HSC) observations of F2,
conducted by Miyazaki et al. (2015). The XMM−PPS
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Figure 2: (Continued) The top row of panels shows the clusters in shear peak #8 and the bottom row shows shear peaks #B9 (left)
and #B11 (right). The ”plus” sign in each of the bottom panels indicates the location of the shear peak. The cluster in the lower-right
portion of the B9 panel cannot be confidently associated with the shear peak, but is labeled here for clarity and cross-referencing with
Table 2 and the discussion in section 2.2. Chandra imaging (not shown) indicates the presence of a point source near the center of cluster
CXOU J105510-050414 (top right panel). A point source to the west of center is apparent in cluster XMMU J091607+302724 (bottom
right panel).
finds three extended X-ray sources in this vicinity: two
toward the north (B10a and B10b, Table 2) and one to-
ward the south (B10c, Table 2).
The southern X-ray source, XMMU J092102+300530,
is approximately ∼ 8′ to the southeast of the DLS posi-
tion and has no other weak lensing peak nearby. Thus,
we cannot associate this X-ray source to a DLS shear
peak. There is no corresponding cluster in the optical
cluster catalog from the DLS (Ascaso et al. 2014) due to
their bright star mask; however, visual inspection of the
DLS images shows clear evidence for an optical cluster
beyond the offending star. We estimate a photometric
redshift (z = 0.53) from the galaxies in the cluster out-
skirts. The X-rays also fit nicely to a thermal cluster
emission model at this redshift (see entry in Table 3).
The two northern X-ray detections, B10a and B10b, lie
closer to the DLS position (∼ 3.5′ away). They are small,
. 1′ sized clumps, which overlie a much broader region
of red galaxies in the DLS at similar redshifts (z ∼ 0.6).
Ascaso et al. (2014) report an optical cluster between the
X-ray clumps at a redshift between 0.54 < z < 0.6. The
X-ray clumps do not have well defined peaks or shapes,
and are difficult to associate with the galaxies as inde-
pendent clusters or as a single cluster with poor X-ray
emission. We find these data to be consistent with the in-
terpretation presented in Starikova et al. (2014) as a su-
perposition of low mass systems which they suggest after
comparing their own X-ray analysis to groups identified
in the SHELS (Smithsonian HEctoscopic Lensing Sur-
vey: Geller et al. 2010). Furthermore, the detection sig-
nificance for the X-ray sources (XMMU J092124+301324
and XMMU J092118+301156) measured within regions
sized by eye to maximize the extracted flux (for numer-
ical values see Table 2), is low and so we do no further
spectral analyses on them. Because these two are too
faint, and the southern cluster (B10c) is too far away, we
cannot report properties of associated X-ray clusters for
DLSCL J0921.4+3013.
The third shear peak in the beyond subset,
DLSCL J0916.3+3025, was not found in the weak lens-
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Table 3: XMM-Newton spectral fitting results: temperature and luminosity
Name X-ray ID‡ χ2/ d.o.f. nH z Abund. kTX LX
(LAB) Bolometric
1020cm−2 Z⊙ keV 10
44 ergs s−1
1. DLSCL J0920.1+3029 CXOU J092026+302938 2580/1881 1.65 0.302 0.21+0.02−0.02 6.33
+0.13
−0.13 10.55
+0.07
−0.07
CXOU J092053+302800 1071/964 1.65 0.291 0.21+0.05−0.05 3.19
+0.13
−0.13 2.08
+0.06
−0.06
CXOU J092110+302751 659/494 1.65 0.427 0.3 3.87+0.41−0.33 2.67
+0.07
−0.07
XMMU J091935+303155 833/768 1.66 0.428(a) 0.3 3.41+0.15−0.15 3.30
+0.05
−0.05
2. DLSCL J0522.2−4820 CXOU J052215−481816 249/286 2.85 0.296 0.3 4.03
+0.25
−0.24 3.67
+0.06
−0.06
CXOU J052159−481606 19/22 2.82 0.296 0.3 4.34+1.31−0.87 0.84
+0.05
−0.05
CXOU J052147−482124 3/5 2.79 0.296 0.3 1.05+0.44−0.31 0.05
+0.02
−0.01
CXOU J052246−481804∆ 11/11 2.91 0.210 0.3 1.48+0.44−0.21 0.07
+0.01
−0.01
4. DLSCL J1054.1−0549 CXOU J105414−054849 79/63 2.43 0.190 0.3 1.07+0.03−0.04 0.06
+0.003
−0.003
7. DLSCL J0916.0+2931 CXOU J091551+293637 17/15 1.72 0.530 0.3 1.44+0.22−0.16 0.58
+0.10
−0.10
CXOU J091601+292750 62/55 1.74 0.531 0.3 2.09+0.19−0.19 1.01
+0.07
−0.07
8. DLSCL J1055.2−0503 CXOU J105535−045930 36/38 2.40 0.609 0.3 3.38+0.46−0.44 1.04
+0.07
−0.06
CXOU J105510−050414 33/32 2.39 0.680 0.3 4.14+0.69−0.57 2.80
+0.17
−0.17
Beyond the initial Wittman et al. (2006) publication:
B9. DLSCL J1048.5−0411 XMMU J104817−041233 38/40 3.69 0.246(b) 0.3 2.38+0.36−0.29 0.55
+0.03
−0.03
XMMU J104806−041411∆ 8/9 3.69 0.30(c) 0.3 1.64+0.44−0.27 0.17
+0.02
−0.02
B10. DLSCL J0921.4+3013 XMMU J092102+300530∆ 13/13 1.65 0.53(c) 0.3 2.08+0.65−0.43 0.56
+0.06
−0.06
B11. DLSCL J0916.3+3025 XMMU J091607+302724 16/20 1.10 0.650(d) 0.3 3† 1.12+0.10−0.10
Note—Redshift sources:
(a) Sehgal et al. (2008), (b) this work - spectroscopy (§2.2), (c) this work - DLS photometry (§2.2), and (d) Geller et al. (2014).
‡ Italics denote clusters that are not used for the LX -TX relation for the reasons given by the following footnotes.
∆X-ray cluster not confidently associated to shear peak.
†Temperature fixed at nominal value; data could not constrain.
ing analysis of Kubo et al. (2009). More recently, two
weak lensing detections near this position have been re-
ported. Utsumi et al. (2014), in their analysis of a Sub-
aru Suprime camera observation of a part of the DLS
field F2, and Miyazaki et al. (2015), in their weak lens-
ing analysis of a Subaru Hyper Suprime-Cam (HSC) ob-
servation covering all of the same DLS field, both find
weak lensing detections that are within ∼ 1′ (but on
opposite sides) of the corresponding X-ray source po-
sition (of B11). A nearby optical cluster (z ∼ 0.54,
Ascaso et al. 2014) is found to be approximately ∼ 1.5′
away from the X-ray source and possibly consistent with
the Miyazaki et al. (2015) weak lensing peak. We make
a plausible association between the X-ray source and the
Miyazaki/Utsumi detections. The X-rays are faint and
do fit to a thermal cluster emission model, but with the
temperature fixed at a nominal value (Table 3). We de-
scribe next our steps to extract spectra and fit them to
measure luminosities and temperatures.
2.3. Extracting Spectra
We generated X-ray spectra from newly calibrated
event-lists; these are among the outputs of the XMM-
PPS run performed above (§2.2), on the raw data with
updated calibration files. We use the XMM-Newton
Science Analysis System (XMM-SAS ) software package
(version 11.0) to run this pipeline and to process this
data further. The newly calibrated event-lists from each
camera were filtered in time to remove periods of highly
flaring soft proton background. The resulting exposures
are listed in Table 1. Spectra and other products neces-
sary for spectral fitting were generated with these flare-
filtered data.
Spectra were extracted from within regions that we de-
fined on our soft-band images. These same regions were
also used to determine the detection properties and are
listed alongside in Table 2. We began the region selec-
tion by drawing contours on our 0.5− 2.0 keV images, at
levels of count rate per pixel that are 1.5 times the back-
ground level and higher. The outermost contour guided
our initial choice of either circular or elliptical source re-
gion, which was placed to just surround the contour. We
adjusted the size of this region by 5 or 10 percent iter-
atively until the luminosity measured from within con-
verged. In this way, we were sure to have collected all
of the cluster emission with minimal contamination from
the unresolved X-ray background. Resolved background
sources, found either by XMM-PPS or present obviously
in available Chandra images, were excluded. Background
regions were placed as annuli around source regions, and
8also excluded any XMM-PPS detected point sources or
neighboring cluster regions.
Spectra and other data products used in fitting (arfs
and rmfs) were generated with the standard binnings,
event filters, and other recommended parameters sug-
gested by the XMM-Newton team for analyzing extended
X-ray sources. Among these recommendations, we chose
to weight the response files by the cluster images to bet-
ter account for brightness variations.
2.4. X-ray Temperature & Luminosity
X-ray spectra from regions described above (§2.3) were
fit in XSPEC to a product of the MeKaLmodel (Mewe et al.
1985, 1986; Kaastra 1992) and the phabs model. The
MeKaL model describes a thermal plasma with ionized
atomic components, with model parameters describing
gas temperature, abundance, redshift, and the emission
measure (proportional to the fit normalization). The
phabs model describes galactic photoelectric absorption
and depends only on one parameter, the absorbing col-
umn density.
We generally let temperature and normalization vary,
and fixed all remaining parameters. We fixed abundance
to 0.3 [Z⊙] except when data quality could support a
constraint. The redshift was set to the spectroscopic
value determined by the DLS (W06) or other follow up
work (indicated in Table 3). If the data were too poor to
constrain both temperature and normalization, we fixed
the temperature to a reasonable value (see Table 3). In
all cases, the column density for the phabs model was
fixed to the galactic neutral hydrogen column densities
measured by the Leiden/Argentine/Bonn (LAB) survey
(Kalberla et al. 2005) at the cluster position.
All spectra of each cluster, one from each of the
three cameras, were simultaneously fit to one function
in XSPEC. Uncertainties due to poor subtraction of tele-
scopic fluorescence lines were addressed independently
for PN and MOS by excluding the affected channels.
Background scaling was adjusted by examining the high
energy [10 keV−12 keV] counts (Vikhlinin et al. 2009)
where no source emission is expected. High energy chan-
nels, where emission from a given cluster was negligible,
were excluded from the spectral fit.
The resulting temperatures and bolometric luminosi-
ties from these fits, for 14 X-ray clusters associated with
DLS shear peaks, and three serendipitous X-ray clus-
ters, are shown in Table 3, along with the corresponding
model parameters. Temperatures and luminosities are
also plotted in Figure 3, where the luminosities corrected
for expansion (i.e., ×E(z)−1). Previously determined
properties for clusters that overlap with other studies
(e.g., Sehgal et al. 2008; Starikova et al. 2014) are con-
sistent with the values we determine within errors. The
ranges of these properties are broad, spanning over four
orders of magnitude in luminosity and a factor of six in
temperature.
The luminosity range includes the order of the bright-
est known clusters (1045 erg s−1), as well as that of
small groups (1041 − 1042 erg s−1). The temperature
range does not reach very high, but includes the aver-
age hot cluster (& 5 keV) as well as many low group-
like values (∼ 1keV). Morphology is difficult to quan-
tify for the whole sample due to some clusters with poor
statistics, but a visual examination of the sample (see
Fig. 2) reveals a full range from smooth and highly cen-
trally peaked to generally disturbed and lumpy. The
disturbed morphology seems to be associated with both
interacting systems (see §3.1), and isolated ones. To un-
derstand these sample properties in the context of other
well-understood X-ray clusters we make a comparison
of the luminosities and temperatures as well as of the
LX − TX relation to X-ray selected samples from the
literature.
We choose literary comparison samples that are se-
lected in the X-ray, and that have luminosities and
temperatures determined without excising cores, as we
do. Two such samples, with comparable redshift,
temperature and luminosity ranges, are presented by
Maughan et al. (2012), and Hilton et al. (2012), here-
after called M12 and H12. We find that the general distri-
bution of cluster morphology is also consistent with those
of the M12 and H12 samples. We discuss our LX − TX
relation, and its comparison to the relations derived in
H12 and M12 samples next.
2.5. LX − TX relation
The luminosity-temperature relation of typical X-ray
clusters is a tight correlation, born out of the clus-
ter growth process (e.g., Kaiser 1986; Vikhlinin et al.
2009). Historically, it has distinguished samples that
deviate from self-similarity (e.g., Markevitch 1998;
Arnaud & Evrard 1999). More recent studies have
shown the slope of this relation to vary with measures
of dynamical activity in clusters (M12; Mahdavi et al.
2013). Clusters selected without regard to dynamical
state tend to show higher slopes (> 3) (e.g., Mantz et al.
2010; Hilton et al. 2012), as also do smaller galaxy groups
(e.g., Sun et al. 2009). On the other hand, carefully
selected samples of relaxed clusters, with core-removed
temperatures (e.g., M12), produce LX − TX relations
closer to the expected self-similar relation (L ∼ T 2).
Selection effects also affect the slope, such as e.g.,
Malmquist bias, which tends to lower the slope. We
determine the luminosity-temperature relation of our
shear-selected sample to see how the clusters scatter
around the best fit relation, and to compare its best fit
relation to X-ray selected cluster samples.
The mathematical form of the relation to which we fit
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our LX , TX data is,
h−1E(z)−1LX,bol = L0 (TX/5.0keV )
α
. (1)
The data were fit by performing a linear regression on
the logarithm of the luminosities and temperatures. We
use the orthogonal BCES method (Akritas & Bershady
1996) for the regression, after symmetrizing our errors
in temperature by averaging the absolute value of the
errors in each direction. We choose the BCES method
because so do the studies to which we compare our re-
sulting luminosity-temperature relation. Our best fit
is shown in Figure 3 by the solid line; it has a log
space slope of α = 2.93 ± 0.15 and an intercept of
log(L0/1 erg s
−1) = 44.69 ± 0.08. X-ray clusters that
could not be associated with shear peaks (noted in Ta-
ble 3) were not included in the fit, but are shown on the
plot as unmarked grey error bars.
First we note that our LX − TX relation is not con-
sistent with the self-similar slope (α = 2). The LX , TX
points scatter tightly around the comparison relations as
well as the best fit plotted in Figure 3. The M12 rela-
tion (dashed line) is from their full sample of 114 clusters
selected without regard to dynamical state. Their slope
of α = 3.63 is slightly steeper than ours, although still
consistent at <2σ. The H12 relation (dash-triple dotted
line) is from their intermediate redshift (0.25 < z < 0.5)
sample of 77 clusters also selected without regard to dy-
namical state; it has a slightly shallower slope than ours
at α = 2.82. Both of these relations for X-ray selected
samples are consistent with our clusters selected in weak
lensing. This result is also consistent with and confirms a
similar finding by Giles et al. (2015), who fit nine shear-
selected X-ray clusters to an LX −TX relation of similar
form and get a slope and normalization α = 2.63± 0.69
and log(L0/1 erg s
−1) = 44.44±0.15 (we have converted
their normalization to one that would match a pivot-
temperature of 5 keV).
3. MASS ESTIMATES & COMPARISON
Along with studying X-ray properties (LX , TX , &MX)
of weak lensing selected clusters, we do a direct compar-
ison of mass estimates between weak lensing and X-ray.
For the weak lensing mass estimates, we take the val-
ues obtained in Abate et al. (2009). Our X-ray data are
not of sufficient depth to estimate hydrostatic masses,
however, they do allow X-ray temperature to be used
as a mass proxy for a fraction of the sample. X-ray
temperature correlates more tightly with the mass (e.g.,
Vikhlinin et al. 2009), and so we choose this over the
luminosity as the proxy. We are unable to determine
surface brightness profiles for most of the X-ray clusters
so mass proxies such as the gas mass fraction, fg, and the
integrated gas mass times the temperature, YX , cannot
be used.
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Figure 3: Temperatures and bolometric luminosities from Ta-
ble 3, plotted as black crosses showing 1 σ error bars. The solid
line is the fit to our data. Filled diamonds mark clusters with both
X-ray and weak lensing masses and are given labels from Table 4.
The un-labeled diamond point is cluster 1c. Grey points were not
included in the fit; these are clusters that we were unable to confi-
dently associate with DLS shear peaks (§2.2)
3.1. X−ray Mass Estimates
We consider two MX − TX relations to start, and pro-
ceed with two sets of X-ray mass estimates. One rela-
tion is derived from XMM-Newton data by Arnaud et al.
(2005), and the other is derived from Chandra data by
Vikhlinin et al. (2009). Our aim here is to study any
variation that may arise in our mass estimates from the
choice of MX −TX relation and to compare to published
mass estimates when available. The temperature mea-
surement requires that the central core emission be re-
moved, which means that we are able to get mass esti-
mates for only nine X-ray clusters.
Both MX − TX relations use masses within a fixed
overdensity of ∆=500 times the critical density, ρcr =
3H2
8piG . To obtain our own values of R500, we employ
an iterative procedure. We start with a temperature
from Table 3, and estimate a mass from the MX − TX
relation. This mass then gives an R500 via, R∆ =(
Mtot (TX) /
(
∆4pi
3
ρcr
))1/3
. Using this R500 we extract a
new spectrum, excluding the core emission inside ri. The
inner and outer radii for extraction for the Arnaud et al.
and Vikhlinin et al. relations are ri−ro = 0.1R200 −
0.5R200 and ri−ro = 0.15R500 − R500 respectively. The
newly extracted spectrum gives a temperature inside the
correct overdensity radius and produces the first esti-
mates of M500 and R500. Uncertainties in these are the
result of propagating statistical measurement uncertain-
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Table 4: X-ray mass estimates and comparison weak lensing masses.
Name X-ray ID χ2/ d.o.f. R500 kTX,500 M500 MWL
′ (kpc) keV 1014M⊙ 10
14M⊙
1. DLSCL J0920.1+3029 1a CXOU J092026+302938 1641/1526 4.11± 0.05(1103 ± 15) 6.28+0.14−0.14 5.17
+0.21
−0.21 3.39
+0.18
−0.18
1b CXOU J092053+302800 1071/964 2.93 ± 0.08( 768± 20) 3.02+0.16−0.14 1.72
+0.14
−0.12 2.91
+0.57
−0.38
1c CXOU J092110+302751 659/494 2.30 ± 0.13( 772± 45) 3.61+0.39−0.34 2.09
+0.36
−0.29 1.94
+0.66
−0.57
westXMMU J091935+303155 833/768 2.23 ± 0.05( 745± 16) 3.24+0.20−0.19 1.77
+0.16
−0.16 1.8
+1.0
−0.6
(a)
2. DLSCL J0522.2−4820 2a CXOU J052215−481816 144/152 3.34± 0.09(1020 ± 23) 4.03+0.37−0.37 2.67
+0.39
−0.36 0.99
+0.20
−0.39
4. DLSCL J1054.1−0549 CXOU J105414−054849 79/63 2.50 ± 0.10( 475± 19) 1.05+0.06−0.06 0.36
+0.04
−0.04 0.40
+0.20
−0.20
7. DLSCL J0916.0+2931 7b CXOU J091601+292750 74/67 1.43 ± 0.08( 540± 32) 1.99+0.24−0.19 0.80
+0.15
−0.12 0.10
+0.30
−0.00
8. DLSCL J1055.2−0503 8b CXOU J105535−045930 22/17 1.59 ± 0.17( 641± 68) 3.08+0.67−0.63 1.47
+0.51
−0.44 2.30
+0.84
−0.84
Beyond the initial Wittman et al. (2006) publication:
B9. DLSCL J1048.5−0411 XMMU J104817−041233 25/23 3.13 ± 0.31( 728± 72) 2.41+0.57−0.42 1.41
+0.19
−0.46 · · ·
Note—Superscripts to the left of the X-ray IDs are identifiers given by A09, re-introduced here for easy reference within the mass
comparison plot in Fig. 4. The west label refers to the Abell 781 “west” cluster, using the naming convention from Sehgal et al.
(2008). The (a) indicates this mass is obtained from Wittman et al. (2014) (see §3.3.1). The X-ray–derived M500 values use the
Vikhlinin et al. (2009) scaling relation. Uncertainties in weak lensing masses include both statistical and systematic effects (see
§ 3.2).
ties of the spectral fit parameters as well as the uncer-
tainties in the relation coefficients. We repeat this pro-
cess until subsequent M500 and R500 values converge to
within measured uncertainty. Data quality limits our
ability to carry out this procedure for all clusters, and
in Table 4 we report the masses (determined with the
Vikhlinin et al. (2009) relation) for the nine clusters for
which this was possible.
Both sets of X-ray masses, from the two different scal-
ing laws, agree well for the majority of the sample, but
diverge at high temperatures, where several of the clus-
ters in the Abell 781 complex lie. To discriminate be-
tween the diverging estimates, we rely on the hydrostatic
mass estimates obtained for Abell 781 by Sehgal et al.
(2008). The hydrostatic analysis is performed on com-
bined Chandra and XMM-Newton data, and so is not
expected to favor either scaling law, a priori.
We find that the hydrostatic masses agree with our
estimates based on the Vikhlinin et al. (2009) relation.
Our measurement uncertainties (Table 4) are lower than
the Sehgal et al. (2008) values, owing to the greater
depth of the observation we analyze (Table 1). Since the
rest of our clusters have agreeing mass estimates from the
two scaling laws, we report only one set of X-ray masses
in Table 4, determined with the Vikhlinin et al. (2009)
relation. Table 4 also lists the new core-excised tempera-
tures along with R500 and the goodness of fit indicators.
Our choice to present masses from the Vikhlinin et al.
(2009) relation does not affect any conclusions we draw
regarding the X-ray and weak lensing mass compari-
son. The resulting masses span an order of magnitude in
range, with a median value of ∼ 2× 1014M⊙.
3.2. Weak Lensing Mass Estimates
For all X-ray counterparts of the DLS shear peaks pub-
lished in 2006, Abate et al. (2009), hereafter A09, ob-
tained weak lensing mass estimates from the DLS data
described in W06. We briefly summarize their key steps
here. For each X-ray cluster, A09 fit a mass distribu-
tion model based on the NFW mass density profile to
its observed two dimensional shear profile. Shear profiles
were measured from source galaxy ellipticities, consid-
ering their full three dimensional positions (using pho-
tometric redshifts). Centers of these profiles were fixed
to positions of the X-ray peaks within a Gaussian win-
dow of 81 kpc (reported in table 1 of A09). The fits in-
cluded uncertainties in shape noise, measurement noise,
and photometric redshift noise and the final uncertainty
on the mass has folded into it systematic uncertainties
from effects such as biases in photometric redshift mea-
surement or choice of mass profile center (within the 81
kpc window) that were estimated by modeling.
Where applicable, shear profiles were fit simultane-
ously for multiple neighboring X-ray clumps, by adding
shear linearly. The simultaneous fits account for the in-
fluence of neighboring mass concentrations on the shear
of a given cluster and are thus believed to be more accu-
rate than fitting each cluster individually. Their result-
ing masses are integrated out to an overdensity radius of
∆=200 (table 3, A09), which we convert to masses within
an overdensity radius of ∆=500 assuming an NFW mass
density profile and the observed mass concentration rela-
tions in Duffy et al. (2008). We list these masses in the
last column of Table 4 for the seven clusters we use from
A09.
We additionally include one weak lensing mass from
Wittman et al. (2014) because it was not in the A09
study. Wittman et al. (2014) perform a similar analysis
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Figure 4: The solid line shows equality. Intrinsic scatters deter-
mined including (8pt) and excluding (6pt) the outliers (§3.3) are
plotted in the dash-dotted patterns; the corresponding best fit lines
(not shown) are exactly in between the lines of scatter. Labels refer
to cluster IDs in Table 4. The star is the summed mass of Abell 781
(§3.3.1).
fitting multiple shear profiles simultaneously, with cen-
ters guided by the X-ray peaks. The mass model is also
based on the NFW profile, and their fitting incorporates
a similar tomographic weighting to that in A09.
3.3. X-ray − Weak Lensing Mass Comparison
We thus have a set of 8 clusters with both X-ray and
weak lensing mass estimates for comparison. These eight
clusters cover the full ranges of weak lensing masses, X-
ray temperatures (e.g., TX Table 3), and redshifts of the
full sample.
We plot the weak lensing and X-ray M500 values
against each other in Figure 4. The two sets of mass
estimates are broadly consistent with each other, scatter-
ing on either side of equality. The scatter about equal-
ity is large and we identify two outliers based on the
MX −MWL fit. We discuss the agreement, both over-
all and individually, between the weak lensing and X-ray
masses in detail below, beginning with some noteworthy
cases.
3.3.1. Notes on Individual Comparisons
The only shear peak in our sample (rank 4) which has
just one corresponding X-ray cluster, CXOU J105414−
054849, shows the best agreement in mass. The X-ray
and shear-estimated masses for this cluster are in excel-
lent agreement with MWL500 = 0.40 ± 0.2 × 10
14M⊙ and
MX-ray500 = 0.36± 0.04× 10
14M⊙. The prominent case in
our sample of shear resulting from superposed clusters
(at different redshifts), Abell 781, presents with com-
parable masses when summed across the multiple com-
ponents. The three components with A09 masses add
to
∑
MWL500 = 8.24 ± 0.80 × 10
14M⊙, with uncertain-
ties crudely added in quadrature. The corresponding
sum of X-ray masses is indeed crudely comparable at∑
MX-ray500 = 8.98 ± 0.41 × 10
14M⊙ (see star point on
mass comparison plot in Figure 4).
The X-ray mass we obtain for
XMMU J091935+303155, the “West” cluster in
the Abell 781 complex, does not have a corresponding
weak lensing mass in A09. It does however have a weak
lensing mass measurement in Wittman et al. (2014),
and we use this value, MWL500 = 1.8
+1.0
−0.6 × 10
14M⊙,
in the sample mass comparison section below. The
mass comparison of this cluster, Abell 781 west, has
been the subject of some controversy in the literature.
Cook & Dell’Antonio (2012) claimed that the weak
lensing signal, based on three independent data sets
including the DLS, was remarkably lower than expected
based on the Sehgal et al. (2008) X-ray based mass
estimate ofMX-ray500 = 2.2
+0.5
−0.4×10
14M⊙. Wittman et al.
(2014) then reviewed all available mass estimates in-
cluding a DLS weak lensing estimate from Sehgal et al.
(2008), a dynamical estimate from Geller et al. (2010),
and their own DLS weak lensing re-analysis and found
that all estimates were consistent once uncertainties
were properly treated. All estimates fell in the range
M500 = 0.8−2.2×10
14M⊙, with the dynamical estimate
at the low end and the X-ray estimate at the high
end, but with no more than 2.2σ tension between
them. Miyazaki et al. (2015) found a weak lensing
mass favoring the low end of this range, but still with
uncertainties too large to rule out the higher values. Our
X-ray estimate here of MX-ray500 = 1.77± 0.16× 10
14M⊙
reduces the statistical uncertainties and places the mass
in the middle to the upper half of the range seen in
the literature. We include this cluster in our mass
comparison, using the weak lensing mass determined by
Wittman et al. (2014).
There are outliers in the mass comparison plot of Fig-
ure 4, which should carry a reduced weight in the sam-
ple mass comparison discussed below. We demonstrate
this here, by addressing them individually. To start, the
farthest outlier in the mass plot, marked 7b, does not
have a well constrained weak lensing mass. On the other
hand, its counterpart CXOU J091601 + 292750, is well
supported in the X-ray as a cluster, with a smooth sur-
face distribution of photons, and a good fit to a spectrum
at z = 0.53 with TX = 2.09
+.19
−.19 keV. Its luminosity and
temperature are very close to the LX−TX relation shown
in Figure 3. In the weak lensing analysis, this cluster is
not detected significantly; it is the farthest of three clus-
ters associated with this shear peak and was likely picked
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up due to the degree of smoothing of the shear field.
The second outlier in Figure 4, marked 2a, rests just
outside the sample scatter, with a higher X-ray mass.
This cluster, CXOUJ052215−481816, is a bright clus-
ter in the X-ray with robust measurements of luminosity
and temperature. Our mass estimates depend on tem-
perature as a proxy and are therefore subject to effects
such as merger boosts. This cluster could be interacting
with its neighbor, CXOUJ052159−481606, which could
give it a boosted temperature, and result in an artificially
higher X-ray mass estimate. Simulations (Randall et al.
2002) show that mergers can affect both temperature and
luminosity measurements such that this cluster may not
appear as an outlier on the LX − TX plot. And in fact,
none of the clusters for which we compare masses are
outliers on the LX − TX relation in Figure 3 (marked
with filled diamonds). Given the intrinsic limitations of
determining masses in the two methods seen so far in the
individual comparison, the X-ray to weak lensing mass
comparison for the sample may not be low scatter. We
quantify this in the next section.
3.3.2. Overall Sample Comparison
The eight clusters studied here show overall agreement
between the X-ray and weak lensing mass estimates, with
considerable scatter. We determine a linear relationship
in log-space between the masses using the methods de-
scribed in Hogg et al. (2010, Eq. 35). We specifically
choose this method, which allows us to estimate the in-
trinsic scatter of the data about the best fit relation,
in order to compare to the scatter determined for other
cluster samples. The relationship we fit is of the form:
log(MX/10
14M⊙) = a+ b× log(MWL/10
14M⊙). (2)
We convert our statistical uncertainties in mass to log-
space and then symmetrize them, taking the average of
absolute values. We report parameters obtained both
with and without the two statistical outliers in the sam-
ple, clusters 2a and 7b.
The best fit relation indicates that the X-ray and
weak lensing masses are consistent with one another.
The slope and intercept of our best fit relation for the
case where we exclude outliers are b = 1.26+0.53
−0.36 and
a = −0.11+0.15
−0.21 which are consistent with the case of
equality. Including the two outliers, the slope and inter-
cept are b = 0.96+0.48
−0.37 and a = 0.05
+0.12
−0.16. The intrinsic
scatter of the points in the y-direction around this rela-
tion, is measured to be 48+39
−21%, excluding the outliers.
This scatter is plotted in Figure 4 (in dashed, green line).
For comparison, we also plot the scatter determined from
all eight points, 69+49
−25%, in Figure 4 (in dot-dashed, blue
line)7.
7 We also calculate scatter using the same 5 X-ray masses de-
We compare these results to the Canadian Cluster
Comparison Project (CCCP: Mahdavi et al. 2013) who
do a comparison of X-ray and weak lensing masses us-
ing 50, massive, X-ray–selected clusters obtained from
a large sky area. Selection is the fundamental differ-
ence between the CCCP and our sample; this could re-
sult in systematic differences between the results. weak
lensing–selection could be biased from, for example, line
of sight mass projections, which could consistently boost
the weak lensing masses we use here. The CCCP sample
contains many more massive clusters than our sample,
with the high end of the CCCP range being twice as mas-
sive as our most massive cluster. Our mass range, how-
ever, excepting the lowest mass cluster, does fit comfort-
ably within the CCCP range on its lower end. Finally,
the CCCP offer multiple mass estimates from X-ray and
weak lensing, and we must select values determined com-
patibly to ours.
Although the published mass comparison by the CCCP
is for masses measured inside an overdensity radius de-
termined through weak lensing, they offer an online tool8
attached to a database which allows us to make a com-
parison more consistently with what we do. Our X-ray
masses are measured within an R500 estimated with X-
rays, and the weak lensing masses are measured within
an overdensity radius estimated from weak lensing by
profile fitting, which means our two mass estimates are
independent. The CCCP online tools offer access to weak
lensing masses measured within a weak lensing estimated
R500, and X-ray masses measured within an X-ray esti-
mated R500, which are linked to the fitting algorithm
(based on Hogg et al. 2010) that they have used in their
paper. We find that from all 50 X-ray–selected CCCP
clusters with masses measured like ours, the CCCP sam-
ple results in an intrinsic scatter of 58% ± 15%, which
is fully consistent with the intrinsic scatter of the DLS
shear-selected sample. This scatter is significantly larger
than the value obtained from masses measured within
identical radii: 21% ± 6% (Mahdavi et al. 2013); so the
choice of overdensity radius is important in estimating
the intrinsic scatter.
The slope and intercept of our fitted mass relation is
consistent with equality between X-ray and weak lens-
ing masses, a trait that is also exhibited by the CCCP
sample (although this sample shows mild, ∼ 1σ, indi-
cations of an X-ray underestimate). The large uncer-
tainties on our scaling law relation, however, mean that
our mass-mass comparision is also compatible with a
broad range of possible biases: for X-ray hydrostatic
termined using the Arnaud et al. (2005) MX − TX law, and find
a similar scatter of 53%, which validates our earlier claim that the
choice of MX − TX law does not affect our conclusions.
8 http://sfstar.sfsu.edu/cccp/, (Mahdavi et al. 2013;
Hoekstra et al. 2012)
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bias see, e.g., Vikhlinin et al. (2009), Mahdavi et al.
(2013), Donahue et al. (2014), or in the context of
clusters selected via the Sunyaev-Zel’dovich effect, see,
e.g., von der Linden et al. (2014), Hoekstra et al. (2015),
Battaglia et al. (2016). Reducing the uncertainty on this
comparison will require a much larger sample of shear-
selected clusters, which will become available with future
large area optical sky surveys, and targeted X-ray follow-
up.
4. SUMMARY
In this paper, we present the X-ray properties and the
weak lensing to X-ray mass comparison of the first sam-
ple of shear-selected clusters (Wittman et al. 2006). We
report X-ray properties for 14 X-ray clusters that corre-
spond to seven DLS shear peaks. An eighth DLS shear
peak shows evidence for extended X-ray emission but the
signal-to-noise for X-ray detection falls below our thresh-
old for confirmation. We additionally report properties
of three X-ray clusters discovered in our fields which we
cannot confidently associate to shear peaks.
We determine luminosities and temperatures for
17 X-ray clusters, and also determine a luminosity-
temperature relation from 13 of them with significant
values of both LX and TX and that also correspond to
the seven DLS shear peaks (Table 3, Figure 3). The clus-
ters have widely varying X-ray properties; a factor of 6
in temperature and four orders of magnitude in luminos-
ity. The ranges of redshift and mass of the sample are
also substantial (§2.4). The best fit LX − TX relation
is consistent with X-ray cluster samples selected with-
out regard for dynamical state as well as with the weak
lensing selected sample of Giles et al. (2015). Unlike this
other weak lensing study, however, we find that the DLS
X-ray clusters are inconsistent with a self-similar slope
for the LX − TX relation (our slope is 2.93± 0.15).
We determine X-ray mass estimates using the
Vikhlinin et al. (2009) X-ray mass-temperature relation.
Core-excluded temperatures required for this estimate
can be constrained for nine of our clusters. Weak lensing
mass estimates are available for eight of them, with seven
determined by Abate et al. (2009) by fitting mass profiles
centered at the X-ray peaks in Chandra data (analyzed
in W06). An eighth weak lensing mass is available from
Wittman et al. (2014) which we include in our mass com-
parison. We find overall agreement between the X-ray
and weak lensing masses. The sample is characterized
by an intrinsic scatter of ∼ 48% with large uncertainty
about the best fit mass relation; this is consistent with
the Mahdavi et al. (2013) X-ray selected sample whose
mass range largely overlaps with our sample.
We summarize some of the issues related to shear se-
lection based on this study and other earlier work on the
DLS. A major difference with other selection techniques
is the association of multiple X-ray clusters with a single
weak lensing shear peak — this complicates the identifi-
cation of X-ray with shear. We find the shear associated
X-ray clusters are not necessarily high mass individuals,
and in fact, they cover an order of magnitude range in
mass. Our LX − TX relation is consistent with other X-
ray cluster samples selected without regard to their dy-
namical activity, but is inconsistent with the self-similar
relation. Weak lensing and X-ray masses determined in-
dividually for each shear–associated X-ray cluster agree
broadly, and exhibit intrinsic scatter that is consistent
with X-ray selected samples, as long as the two mass es-
timates are determined independently from one another.
Currently the number of individual, well studied, X-
ray clusters from weak lensing selected samples is small,
which is a consequence of the lack of large area, deep
optical weak lensing surveys. As we approach the era of
the Large Synoptic Survey Telescope, this issue will be
alleviated.
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